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Abstract 

In technicolor theories a large radiative correction to the Zbb vertex generally 
emerges, because of the large top quark mass and SU (2) l gauge symmetry. 
The correction can give us an explanation for the deviation of the experimental 
value of Rh = Th/Th from the standard-model prediction. However, generally 
the T parameter becomes unacceptably large. We show that in the one- 
family technicolor model recently proposed by the authors all the 5, T, and U 
parameters can be consistent with the experimental bounds while the observed 
anomaly of Rb is naturally explained. 
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The measurement of the quantity Rb = Tb/Th at LEP shows a large deviation from the 
prediction of the standard modeL The measured value Rf, = 0.2202 ± 0.0020 deviates at 2-a 
level from the standard- model prediction Rf, = 0.2157 (mj = 175 GeV) fllJ^. The recent 
preliminary experimental value Rb = 0.2219 ± 0.0017 shows the deviation at 3.6-0" level [Q. 
This may be a signature of new physics. 

It has been pointed out that the "sideways" gauge boson of extended technicolor (ETC) 
theories generates a significant correction to the Zbb vertex @]. The reason is that the 
relatively light sideways gauge boson associated with the top quark mass generation must 
couple with the left-handed bottom quark according to the SU{2)l symmetry. The "diago- 
nal" gauge boson which appears in most ETC models also generates a correction to the Zbb 
vertex . The magnitude of this diagonal contribution is comparable with the sideways con- 
tribution and the sign is opposite 0. The sideways and the standard-model contributions 
make Rb small, while the diagonal contribution makes it large. Therefore, if the diagonal 
contribution is large enough to cancel out the other two contributions, the LEP result can 
be explained. It has been shown that the diagonal contribution can naturally explain the 
LEP result of Rb in some ETC models 

However, the contribution of the diagonal ETC boson to the T parameter generally 
becomes large in comparison with the experimental bound, because of the large weak isospin 
violation in the couplings between the diagonal ETC boson and the right-handed fermions 
(top and bottom quarks and techni-fermions) . It has been shown that it is almost impos- 
sible in the naive ETC theory to explain the LEP result of -Rf, without conflict with the 
experimental bound on the T parameter 0. Some mechanisms which generate a negative 
contribution to the T parameter are needed to explain the experimental value of Rb- 

We stress here the fact that the large contributions to both the Zbb vertex correction 
and the T parameter are not peculiar to a specific ETC theory but generally result in 
any technicolor scenario with some underlying physics at TeV scale for the fermion mass 
generation. To generate the heavy top quark, at least the effective four-fermion interaction 
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= ^ (QlUr) (tRijL) + h.c. (1) 

must be emerged, where Ql = {Ul Dl)^ and ipL = ith bi)^ are the SU{2)l doublets, and U 
and D are the techni-quarks. If we consider the QCD-hke one-family technicolor model, the 
scale A ~ 260GeV with rrit = 175GeV. Here, we used the relation (UU) ~ 47rF^ (taking the 
number of the technicolor Ntc = 3) and set ~ 125GeV {Ft, is the decay constant of 
the composite Nambu-Goldstone boson). Namely, some unknown dynamics has to emerge 
at the scale of order A ~ 260GeV. 

In general, other kind of effective four-fermion interactions also emerge at the scale A. 
The effective four-fermion interactions with Uji 

J^i'' = §{i'LUR){Uni'L), (2) 
^2" = % {UrYUr) {Ur^.Ur) , (3) 

are expected to emerge with the scale A and (/fg ~ 1- The interaction of eq.(0) gives the 
correction to the ZBlBl vertex, and the interaction of eq.(^ gives the contribution to the T 
parameter. 

The order of the correction to the Zhihi coupling g\ (at tree-level in the standard model 



g\ = gz{ — \ + I ■5^}, where gz = Ana/ c^s"^ , and s and c denote the sine and cosine of the 
Weinberg angle, respectively) due to the interaction of eq.(||) is estimated as 
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9zF- 



0.0211^1^1, (4) 

which should be compared with the experimental bound on the total correction to the 
coupling g\^ from i?^ data alone [|1^ 



= -0.0004 ±0.0019 (5) 

and the standard-model contribution {5g\)sM = 0.0037 [0]. If the magnitude of the coupling 
g^ is of the order of 10~^ and the sign is negative, the contribution of the standard model can 
be canceled out and the experimental value of eq.(^ can be explained. In this estimation 



we used the method in which the techni-fermion current is replaced by the corresponding 
current in the low energy effective theory |^. The significantly large correction of eq.(^ 
comes from the large top quark mass and SU{2)l symmetry. 

The order of the contribution to the T parameter due to the interaction of eq.(0) is 
estimated as 

|Ta| - '-j^^Ml - 171^,^1, (6) 
16a m|A^ 

where Nc = 3. This value should be compared with the experimental bound [|l^ 



T = 0.34 ±0.20 (7) 

for nit = 175GeV and rriH = ITeV. We used also the method of the current replacement with 
the factorization hypothesis [^]. This extremely large contribution to the T parameter comes 
from the large weak isospin violation in the mechanism of the fermion mass generation. Even 
if l^f^l is of the order of 10~^ as we expect for \gi\, the magnitude of |Ta| is still much larger 
than the experimental bound. 

Therefore, having large contributions to the ZbibL vertex correction and the T parameter 
is the generic in the technicolor scenario, if there are no special cancelations or suppressions. 
If the large deviation of the experimental value of Rb from the the standard-model pre- 
diction is naturally explained in the technicolor scenario with the appropriate value of g^, 
some mechanisms to generate the negative contribution to the T parameter and/or some 
mechanisms which suppress the magnitude of (7^ are needed. 

In the one-family technicolor model recently proposed by the authors we have a 



mechanism for generating large negative T parameter contributions while both the S and 
U parameters are consistent with the experimental bounds. The one-family technicolor 
model has the separate structure of the technicolor gauge interactions 5'f/(3)^(^ x 5*0 (3)^^^' ^ 
f^(l)ij-L) where SU{3)^(j couples only with the techni-quarks in the triplet representation. 



5*0(3);^^ couples only with the techni-leptons in the triplet representation, and f/(l 



IB-L 



denotes the techni-(i? — L) symmetry which is spontaneously broken. This structure realizes 



the minimum value of the number of technicolors Ntc (the smaller Ntc means the smaller 
S parameter) while the techni-leptons belong to the real representation of the technicolor 
gauge group, which is needed to have the gauge invariant Majorana mass of the right- 
handed techni-neutrino. The Majorana mass can generate the negative contribution to the 
T parameter. 

In the following we estimate how large the correction to may be keeping the values 
of the S", T, and U parameters consistent with the experimental bounds in this one-family 
technicolor model. We consider the effective model of the fermion mass generation in ref. 
0, since it can naturally explain the observed anomaly of Rb- Although the effective model 
is inspired by an ETC theory, it is not itself an ETC model. We do not always restrict 
the fermion mass generation mechanism to the ETC theory, but imagine some underlying 
physics at TeV scale for the fermion mass generation. 

We obtain the effective model of the fermion mass generation in the following way. 
First we consider the naive ETC scenario with no weak isospin violation, for example. 



SU{A)%TC X SU{AfETC X ^ SU{?>)%Tc x 50(3)|y^(x[/(l)5^^)broken. Then we 



replace the gauge coupling of the massive sideways and diagonal ETC bosons by the effective 
couplings so that the weak isospin violation is included. Therefore, this effective model is 
not a gauge theory, but we assume that the massive particles like the sideways and diagonal 
ETC bosons in this model emerge due to the underlying physics at the TeV scale. In other 
words, we assume that a part of the low-energy effective interactions of the underlying theory 
is well described by the following effective model. 

The exchanges of some massive particles like the sideways ETC gauge boson give the 
effective four-fermion interactions 



where Ms denotes the typical mass of the exchanged particles, and gt^t and gt/it are the 
effective coupling constants of the left-handed current and the right-handed current with t^, 




(8) 



(9) 
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respectively. We assume that the perturbative condition 

M)!<1 and Mi)!<l (10) 

should be satisfied. The possible range of C,t is determined by this condition, when the value 
of is given. The mass of the top quark is generated through the interaction of eq.(^ as 



St 'v. 



where the relation (UU) ~ AnF^JNc/NTc is used (from the naive dimensional analysis [10 



and the leading 1/A^ behavior). We can determine the value of g^, when the value of Ms is 
given {Ntc = 3 in our model). The exchanges of some massive particles like the diagonal 
ETC gauge boson give 

^ T72'^D'^Dfj., (12) 



where 



/ Ntc ( - 1 - 



Md denotes the typical mass of the exchanged particle, and gt/C,b is the effective coupling 
constant of the right-handed current with The constants a and b equal unity and 
Mu = Ms in the naive ETC model based on the one-family technicolor theory. In general, 
the constants a and b are expected to be of the order of unity and M^ ~ Ms- 
The interactions of eq.(y) and (p!2| ) generate the correction to g'l (see ref. 0): 



iSgl).= U^-ab^^)^J^g, 

\l - \ab^ ■ 2.1 X 10"^ (14) 

where we have assumed that Ma ^ Ms and used eq.(^). The first term in the brackets 
comes from the interaction of eq.(P|), and the second term comes from the interaction of 



eg. ([T2D . The interactions of eq.(|T2D generates large contribution to the T parameter (see ref. 
0): 



(In most ETC models the massive ETC gauge boson which belongs to the adjoint repre- 
sentation of the technicolor gauge group generates unacceptably large positive contribution 
to the T parameter. However, we assume that our underlying theory does not have such a 
dangerous adjoint vector bosons 



In the one-family technicolor model of ref. [T^ the value of the T parameter depends 
on the values of the Dirac masses of the techni-neutrino and techni-electron m^r and tue, 
respectively. The values of and niE are dynamically determined, if we fixed the values 
of the Majorana mass of the right-handed techni-neutrino M, the mass and coupling of 
the U{1)]^^E g^uge boson {niB-L and aB-i, respectively), and the coupling of the S0{3)ifQ. 
The calculation of the vacuum energy in the one gauge boson exchange approximation shows 
that the difference between the values of m^r and m^; is about 60GeV, when M = 250GeV, 
rriB-L = 250GeV, and ob-l = 0.3. These values of M, ttib-l, and aB-L, and the value 
uj = 0.07 which is the strength of the kinetic mixing between the f/(l)ij-L and U{1)y gauge 
bosons are selected so that the correct electroweak symmetry breaking occurs and the values 
of the S and U parameters are consistent with the experimental bounds. Both the Majorana 
mass M and the tree-level kinetic mixing u play an important role to get the large negative 
contribution to the S parameter through the U{1)]^^e gauge boson exchange. Large kinetic 
mixing between the and f/(l)y gauge bosons comes from the loop-level mass mixing 
between the and f/(l)ij-L gauge bosons due to the Majorana mass, and the tree-level 
kinetic mixing u between the U{1)]^^e U{1)y gauge bosons. 

If we take = 340GeV and tue = 400GeV, we have Stc - -0.0092, Ttc ^ -0.21, 
and Utc — 0.022. These values of Stc and Utc are consistent with the experimental 
bounds of ^ = 0.068 ± 0.20 and U = -0.41 ± 0.50 with mt = 175GeV and ttih = ITeV 



1^ . Although a smaller difference of and gives a smaller value of the T parameter. 



tue — rriN < 60GeV is rather hard to reconcile with M = 250GeV. 

Now we estimate how large the value of — (5(7|)a can be in this one-family technicolor 
scenario. A Negative contribution to corresponds to a positive contribution to Rb which 
is suggested from the experiment. By using the experimental bound of eq.(|^), we can obtain 
the upper bound on the parameter b'^/C,'^ as 



Tk + Ttc= ,^,, 2 AT^A h^i^-—) 72 -0-2K 0.34 + 0.20. 16 



We have 6 /^1 < 0.80. From this bound we obtain the lower bound on the {Sgi)j 



{SglU >(^- ab^^] -^J^gz - b{^ - . 0.021. (17) 
V yLM ^QgQ Ntc + 1J IGnF^^ Nc ^0.80 2 ^ ^ ^ 

In the case of a = 6 = 1, we have (56|^)a > —0.0053, or {6Rh)A < 0.0069. The perturbative 
condition eg. (p!OD is satisfied in this case with Ms = ITeV. Then we obtain the bound on the 
total correction as 6g'l = {Sg'DsM + (^5'l)a > —0.0016. Therefore the experimental value of 
eq.(^) can be explained in this model keeping the 5*, T, and U parameters consistent with 
the experimental bounds. Both the Majorana mass M and the tree-level kinetic mixing u 
play the important role of generating the large negative contribution to the S parameter 
through the t/(l)s-L 

gauge boson exchange. The Majorana mass M is needed to have the 
mass mixing between the U{l)'^^i gauge boson and W^, and the tree-level mixing u makes 
this contribution large. If there is no negative contribution to the T parameter, namely 
Ttc = 0, the experimental value of eq.(^ can not be explained, because we have the bounds 
{^9l)a > 0.0047 and 6g^^ > 0.0084 in this case. As long as the model dependent parameters 
a and b satisfy the condition 6(o^ — fa) < 0, we obtain the negative contribution to g'l (the 
positive contribution to Rb) which is favored by the experiment. 
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